Background: Neoadjuvant chemoradiation therapy followed by curative surgery has gained acceptance as the therapy of choice in locally advanced rectal cancer. However, deterioration of anorectal function after long-course neoadjuvant chemoradiation therapy combined with surgery for rectal cancer is poorly defined. The aim of this study was to evaluate the physiological and clinical change of anorectal function after neoadjuvant chemoradiation therapy for rectal cancer. Methods: We analyzed 30 patients on whom preoperative anorectal manometry data were available both before and after chemoradiation from October 2010 to September 2011. All patients underwent long-course neoadjuvant chemoradiation therapy. We compared manometric parameters between before and after neoadjuvant chemoradiation therapy.
Background
Neoadjuvant chemoradiation therapy (nCRT) followed by curative surgery has become the therapy of choice in locally advanced rectal cancer. The nCRT was introduced to improve local control and some studies have demonstrated a significant benefit from this treatment with reduced local recurrence rates [1] . Low anterior resection (LAR) with total mesorectal excision (TME) is the standard surgical procedure in sphincter-preserving surgery for rectal cancer [2] . Currently, a combinedmodality therapy including surgery, radiotherapy, and chemotherapy is recommended for the majority of patients with stage II or III rectal cancer.
However, deterioration of anorectal function after nCRT combined with sphincter-preserving surgery (SPS) for rectal cancer may happen. Although factors that may affect on postoperative bowel function are not predictable and not well understood, nCRT and LAR with TME can be important ones that may influence anorectal function [3] [4] [5] . Many investigators have reported defecatory dysfunction such as frequent defecation, urgency, and incontinence after sphincter-saving procedure, especially with low colorectal or coloanal anastomosis [6, 7] . Worsening of anorectal function after nCRT for locally advanced rectal cancer is often referred as radiation damage of the anorectum and pelvic floor [8, 9] .
Until recently, most of the studies about the effects of nCRT on anorectal function have assessed pre-nCRT and long-term postoperative results [3] [4] [5] [6] 8] . However, SPS alone could also adversely affect the outcome of anorectal function and it could introduce a significant bias in the assessment of the impact of nCRT. There are a few studies that reported short-term effect of nCRT on anorectal function [10, 11] . In that studies, the authors found no significant changes of manometric data after nCRT and concluded that fecal incontinence after SPS should not be the result of radiotherapy. However, they did not evaluate the relationship between the tumor response and the change of anorectal function.
In this study, we aimed to evaluate the preoperative short-term effects of nCRT on anorectal function and the relationship between the tumor response for nCRT and the change of anorectal function.
Methods
We prospectively collected manometric data before and after nCRT in patients who were diagnosed with adenocarcinoma of rectum below 12 cm from the anal verge by rigid proctosigmoidoscopy before nCRT from October 2010. Among these patients, 30 patients whose preoperative manomertic data were available at both before and after nCRT from October 2010 to September 2011 were enrolled in this study. After obtaining review board approval from our institute (VC12RISI0016), we analyzed manometric data and clinical information of these 30 patients retrospectively.
Clinical stage was determined according to the American Joint Committee on Cancer Six Staging System. All 30 patients had clinical T3 to T4 or N positive tumors. All of the analyzed patients received neoadjuvant radiotherapy with conventional fractionation as follows: 1.8 Gy per day; five fractions per week; and total dose, 50.4 Gy/28 fractions (45 Gy/25 fractions initially to the whole pelvis, followed by 5.4 Gy/3 fractions as a boost to the gross tumor). All of the patients received two cycles of concurrent chemotherapy with radiotherapy (5-fluorouracil , 400 mg/m Anorectal manometry was performed before nCRT and three to four weeks after the end of nCRT with the water-perfusion technique using an 8-channel Micro Tip catheter connected to a perfusion pump (POLYGRAF ID; Alpine Biomed, Denmark). Manometric data including mean resting pressure (MRP), maximum squeezing pressure (MSP), the percentages of asymmetry of resting (R asymmetry) and squeezing (S asymmetry) sphincter, the length of high-pressure zone (HPZ) at resting and squeezing, recto-anal inhibitory reflex (RAIR), rectal sensory threshold (RST), and rectal compliance. RST was measured via determination of threshold volume of the first minimal sensation, desire to defecate, and maximal tolerance. All manometry procedures were performed by a single practitioner who has performed anal physiologic test over 5 years.
We compared manometric data before nCRT according to tumor location from the anal verge, tumor gross morphology, tumor circumferential ratio (CIR) and T stage. Also, we evaluated tumor response after nCRT with above factors adding tumor volume. We divided our patients into two groups according to tumor location from the anal verge whether the lower margin of tumor was >5 cm or ≤ 5 cm from anal verge by rigid proctosigmoidoscopy. For patients with tumor below 5 cm from the anal verge, the field of additional booster on peritumoral region included the anal canal. However, in tumor above 5 cm from the anal verge, the anal canal and perineum were excluded from the field of additional booster. This was the reason that we divided out patients with 5 cm criteria. Tumor gross morphology on flexible colonofiberscopy was classified to three categories; fungating, ulcerofungating, and ulceroinfiltrative. Tumor CIR was defined as a ratio of the circumference of infiltrative component of tumor to luminal circumference. We used trans-rectal ultrasound to measure tumor CIR. CIR was classified into four categories; CIR ≤ 1/4, CIR ≤ 1/2, CIR ≤ 3/4, and CIR >3/4. T stage was also measured by trans-rectal ultrasound. We defined reduction of tumor volume as more than 70% of decreased tumor volume after nCRT by CT volumetry. Rigid proctosigmoidoscopy, flexible colonofiberscopy, and trans-rectal ultrasound were performed by the colorectal surgeons whose sub-specialty is colorectal disease in Korea and are co-authors in this study.
The difference of manometric data between before and after nCRT was measured by subtraction from manometric data before nCRT to that after nCRT. The negative value means that value of manometric data after nCRT was increased comparing to that before nCRT.
Continuous variables between two groups were compared using the Student's t-test and expressed as mean ± SD. Categorical variables were analyzed with χ 2 test. Although significance was defined as P ≤ 0.05, P ≤ 0.1 was regarded as marginal significance. All statistical analyses were performed using the Statistical Package of the Social Sciences (SPSS) version 15.0 for Windows (SPSS, Inc, Chicago, IL).
Results
Of 30 patients, there were 20 males and 10 females. The mean age was 64.9 ± 9.9 years (range, 48-82). All patients did not experience any radiation-related or chemotherapy-related major adverse effect, more than grade 3 reaction according to the Common Toxicity Criteria. There was a marginal difference in the maximal rectal sensory threshold between before and after nCRT (179.3 ± 63.7 ml vs 151.7 ± 53.4 ml, P = 0.073) without a difference in rectal compliance (P = 0.638) ( Table 1) . There were four patients whose RAIR were absent before CRT. However, this reflex was recovered after nCRT in these four patients.
In manometry performed before nCRT, the maximal RST was marginally higher in patients with ulceroinfiltrative type than ulcerofungating type (212.5±80.3 ml vs 167.2±53.7ml, P = 0.086) and the rectal compliance was significantly higher in patients with ulceroinfiltrative type than ulcerofungating type (1.9 ± 1.1 ml/mmHg vs 1.2 ± 0.6 ml/mmHg, P = 0.035). Also, as smaller involvement of luminal circumference, the maximal RST was higher marginally (P = 0.083) and the rectal compliance was significantly higher (P = 0.017) ( Table 2 ).
When we considered the effect of nCRT on tumor, there were twenty two patients who underwent the change of tumor gross morphology after nCRT, ten patients with reduced CIR after nCRT, eight patients with down-staging in T-stage, and four patients with more than 70% of volume reduction of tumor after nCRT. When we considered the effect of nCRT on anorectal function, there were no significant differences on the changes of manometric data between before and after nCRT according to the tumor location from the anal verge and the change of tumor gross morphology. Patients who had tumor with reduced CIR after nCRT had the tendency of improved RST for 'desire to defecate' (P = 0.099). Those patients with down-staging in T stage showed elongated HPZ length (P = 0.030), decreased volume for RAIR (P = 0.029), and improved RST for 'desire to defecate' (P = 0.016). Although there was no significance, patients with tumor volume reduction after nCRT showed the tendency of increased RST for 'desire to defecate' (P = 0.063) ( Table 3 ).
Discussion
The majority of patients with rectal cancer have received external pelvic radiation therapy for local control of tumors. The nCRT has been preferred due to lower 5-year locoregional recurrence and better sphincter preservation [1] . Anorectal function may deteriorate after SPS with TME. Some studies have described the "anterior resection syndrome" as an increased number of daily bowel movements, clustering, anal incontinence, and soiling after SPS [12] . An increase in number of stools, frequent use of pads, urgency of defecation, impaired sensory perception, and fecal incontinence may occur after pelvic radiation [9, [13] [14] [15] . Hence, it is well conceivable that nCRT may cause additional damage to sphincter function after SPS with TME. However, the data about short-term preoperative change of anorectal function based on manometric data after nCRT were limitd [10, 11] . Especially, the report for the change of manometric data regarding to tumor response after nCRT has not been published.
In this study, we examined the effect of nCRT on anorectal function in three aspects; the change of anorectal function by rectal irradiation, that according to whether anal sphincter was irradiated or not by additional booster on peritumoral region, and that according to the tumor response.
Firstly, we investigated the change of anorectal function by rectal irradiation. Some studies about postoperative change of anorectal function demonstrated that the RAIR is stimulated by intramural nervous pathways. These nervous pathways might be injured during the dissection of the rectum, then the RAIR will be absent postoperatively [16, 17] . However, two studies about the short-term preoperative change of anorectal function after nCRT demonstrated that the RAIR is present in all patients both before and after nCRT and there is no change in RAIR between them [10, 11] . In our study, the RAIR was not changed after nCRT (37.3 ± 13.6 mL vs 40.7 ± 9.8 mL, P = 0.281). There were four patients who were absent of the RAIR before nCRT, however, the RAIR was present after nCRT in these four patients. This finding may imply that the reflex mechanism was not damaged by nCRT in short-term period after nCRT. When we analyzed the data from all 30 patients, the maximal RST was decreased after nCRT (179.3 ± 63.7 mL vs 151.7 ± 53.4 mL, P = 0.073). However, rectal compliance was not changed much after nCRT (1.4 ± 0.8 mL/mmHg vs 1.3 ± 0.7 mL/mmHg, P = 0.638). ≤5 cm (n = 12) P-value UF (n = 22) UI (n = 8) P-value R1 (n = 15) R2 (n = 10) R3 (n = 5) P-value T3 (n = 27) T4 (n = 3) P-value † For patients with tumor below 5 cm from the anal verge, the field of additional booster on peritumoral region included the anal canal. However, in tumor above 5 cm from the anal verge, the anal canal and perineum were excluded from the field of additional booster. * The negative value means that value of manometric data after nCRT was increased than that before nCRT.
Haboubi et al., [18] in their histologic study after radiotherapy, demonstrated that acute changes of the rectum included mucosal edema and patchy fibroblastic proliferation in the lamina propria. They found that cellular epithelial damage appeared early after radiotherapy whereas architectural epithelial damage appeared late after radiotherapy. This may explain the unchanged rectal compliance in early period after nCRT. The decrease of maximal RST and the maintenance of rectal compliance may imply that rectal hypersensitivity without the change of rectal elasticity was induced by nCRT in early period after nCRT. Secondly, we intended to investigate the change of anal sphincter function after nCRT by comparing two groups divided by whether anal sphincter was irradiated or not by additional booster on peritumoral region. In this study, we compared changes of manometric data between before and after nCRT according to tumor location with 5 cm criteria. For patients with tumor below 5 cm from the anal verge, the field of additional booster on peritumoral region included the anal canal. However, in tumor above 5 cm from the anal verge, the anal canal and perineum were excluded from the field of additional booster. As shown in Table 3 , MRP, MSP, sphincter asymmetry, and HPZ length, which reflect sphincter function, were not significantly different between these two groups. This means that irradiation on sphincter complex did not affect sphincter function in short-term period after nCRT. This is similar to other studies that compared changes of manometric data between mid and low rectal cancer after nCRT [11, 19] .
Finally, we investigated the change of anorectal function according to tumor response. For this, we had observed the changes of manometric data according to the tumor response for nCRT, classifying four factors; change of tumor gross morphology, CIR, T stage, and tumor volume. In this study, rectal compliance (P = 0.035) and the maximal RST (P = 0.086) were lower in patients who had ulcerofungating type than in ulceroinfiltrative type before nCRT.
This outcome can be interpreted as the fungating component of tumor might affect anorectal function negatively, which led to bad influence on defecation symptom of those patients before nCRT. However, we observed that most patients (22/30, 73.3%) showed changes of tumor gross morphology from ulcerofungating type to ulceroinfiltrative type after nCRT. As shown in Table 3 , the change of tumor gross morphology between before and after nCRT did not affect to the change of anorectal function. This finding shows that the response of fungating component of tumor to nCRT doesn't significantly relate to the change of anorectal function. Lee et al. [20] demonstrated that preoperative rectal reservoir function is altered by the existence of a tumor and tumor infiltration may alter the anorectal function because the ulceroinfiltrative type was correlated with intramural distal spread. Thus, it can be said that we should focus on infiltrating components rather than fungating components when we evaluate rectal reservoir and anorectal function. In this study, tumor volume, CIR, and T stage were examined to evaluate the response of infiltrating component to nCRT. Though the fungating components take a significant sum in tumor volume, we assumed that infiltrating components should be reduced in some degrees if there was a volume reduction at all. Considering the volume reduction after nCRT, we could observe that the RST for desire to defecate was improved in the patients who had tumor which was decreased more than 70% of its volume. From these findings, we thought that marked volume reduction including infiltrative component of tumor could improve anorectal function after nCRT. We observed that as the CIR was higher, the maximal RST (P = 0.086) and the rectal compliance (P = 0.017) were lower before nCRT. This may explain that the extent of infiltrative component of tumor can be involved in the anorectal function before nCRT. After nCRT, although the changes of the maximal RST and rectal compliance were not significantly different between patients with and without reduced CIR, the RST for desire to defecate in patients with reduced CIR was marginally higher than that in patients without reduced CIR (P = 0.099). This finding may suggest that in addition to the effect of radiation on normal tissue, the effect of radiation on tumor can affect the rectal sensory as well, to improve anorectal function, inversely. Although there was no significant difference in RST according to T stage before nCRT, the RST for desire to defecate was significantly higher in patients with down staging after nCRT than in patients without down staging (P = 0.016). However, these changes of manometric data resulted not from improving the RST for desire to defecate in patients with reduced CIR or T stage but from worsening in patients without those. This means that good tumor response with nCRT offset the negative effect for anorectal function, especially sensory function, worsened by nCRT.
Jang et al. [11] demonstrated that the observed decrease of maximal tolerance volume and rectal compliance was in contradiction with the improvement of clinical symptoms observed after nCRT. They explained the reason by a positive effect on clinical impact of tumor downsizing. Although these findings are similar to our study, our study suggested more concrete result for the relationship between the change of anorectal function and the tumor response. In summary, the nCRT might affect the RST positively when the infiltrative component of tumor had a response with booster dose for tumor, but irradiated rectum and sphincter complex might not be affected. Our results give the information about short-term anorectal function in regard to future strategies like omitting major surgery in patients with complete response after nCRT or applying those findings (especially in the group with tumors located < 5 cm from anal verge) to patients with anal cancer, who are usually treated with chemoradiation alone, although higher doses and different chemotherapy agents are used.
This study has some limitations such as use of retrospective analysis, a small number of patients, and omitting evaluation of clinical symptoms. However, there are not any reports searching about the short-term relationship with quantitative assessment between anorectal function and tumor response after nCRT for rectal cancer.
Conclusions
In conclusion, the nCRT did not impair overall sphincter function before radical operation significantly. In this study, when tumor was shrunk or down-staged, the RST for desire to defecate was increased. Especially, those patients who showed down-staging by transrectal ultrasonography had significantly increased rectal sensory threshold for desire to defecate. This finding may suggest that nCRT may be helpful for their defecatory function in patients with radiosensitive rectal cancer as well as local disease control, at least in the short-term period of nCRT.
